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SUMMARY 


This circular is a study by the Bureau of Mines of 346 accidents in underground 
4ron-ore mines of the Lake Superior district from June 1949 to August 1954. These 
accidents caused 354 lost-time injuries, including 28 fatalities and 2 permanent- 
total disabilities. 


The accident reports were analyzed by the Bureau to show the causes of injuries 
and the time charges and unsafe practices or conditions that caused the accidents. 
Also shown are the times of occurrence, ages of the injured by job classification, 
and experience of the injured in mines and on the job being performed when hurt. 


Detailed information is presented on approximately 14 percent of the total 
number of Lake Superior district underground mine accidents that resulted in lost- 
time injuries during the period covered. These facts are presented to aid accident- 
prevention measures in underground mines and as a record for measuring future safety 
accomplishments. 


The text also includes tabulations and graphs showing the accident experience 
of the Lake Superior district underground and open-pit mines and plants from 1946 
to 1954. Statistical data presented under the heading, Accident Experience, Lake 
Superior District Mines and Plants, were obtained from the proceedings of the annual 
conferences of the Lake Superior Mines Safety Council and represent the experience 
of an average of 24 operating companies. The statistics cover the accident exper- 
idence of the district iron-ore mines and plants, a limestone quarry, and, since 
1951, several copper mines in the Upper Peninsula of Michigan. 


INTRODUCTION 


Information on the 346 accidents presented in this circular was obtained from 
accident description reports submitted by eight mining companies that are members of 
the Lake Superior Mines Safety Council and exchange accident reports. These com- 
panies operate underground mines on the Vermilion, Mesabi, and Cuyuna iron ranges 
in Minnesota; the Marquette and Menominee iron ranges in Michigan; and the Gogebic 
iron range in Michigan and Wisconsin. Accident reports are exchanged to circulate 
details of the more serious or unusual accidents encountered by the participating 
companies. The reports follow a standard outline, and copies are sent to the 
Secretary of the Lake Superior Mines Safety Council for distribution to the partici- 
pating members. 


The mmber of accident reports exchanged has increased each year since the 
program was begun in 1944. During 1953, 19.8 percent of the underground mine 
accidents in the Lake Superior district that resulted in lost-time injuries were 
included in the accident-report exchange. 
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GENERAL INFORMATION 


The Lake Superior district is the greatest iron-ore-mining area in the world. 
Annual production from the district is approximately 80 percent of the tonnage mined 
in the United States, and shipments have averaged over 80 million long tons during 
the past 5 years (1950-54). Approximately 20 percent of the total production was 
from underground mines. Employment figures for 1953 show a total of about 7,500 
underground workers at iron and copper mines in the district. 


The first commercial mining in the district began with copper mining in 18h4o/ 
on the Keweenaw Peninsula of upper Michigan. This was followed by the opening of 
the first iron-ore mine in 18166/ on the Marquette range. 


In response to a public demand for safer working conditions, county mine in- 
spectors began examining mines in the district as early as 1887. By 1910, mining 
companies snowed an increased interest in safety; some appointed safety committees, 
and others established full-time company safety departments. Safety engineers fran 
several mining companies in the district met in 1912 to organize the Mining Section 
of the National Safety Council. 


In 1919 representatives from manufacturers of safety equipment, safety engi- 
neers from 19 mining companies in the district and Federal, State, and county 
safety representatives formed a Lake Superior mines safety organization, which met 
monthly and held an annual conference. 


Since that time, annual conferences have been held with attendance increasing 
from 65 in 1919 to 815 at the 1952 conference. Attendance at district monthly 
meetings during the past 5 years has ranged from 59 to 165, with an average of 106. 


se, O Re, an gOe Kes 
Geol. Survey Mon. 62, 1911, p. 35. 
6/ Swineford, A. P., Swineford's History of the Lake Superior Iron District, Its 
Mines and Furnaces: Marquette Min. Jour. Office, 1871, p. 13. 


perior Region: 
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Originally known as the Mining Section of the National Safety Council, the 
organization was renamed the Lake Superior Mines Safety Council at the 1947 annual 
conference in Duluth, Minn. Today's members include not only safety men but also 
supervisors in all capacities. 


Annual accident records of the district are compiled and included in the pro- 
ceedings of the annual conferences. 


ACCIDENT EXPERIENCE, LAKE SUPERIOR DISTRICT MINES AND PLANTS 


Accident experience in the district has compared favorably with experience in 
other metal-mining districts of the United States, as evidenced by reports of the 
Joseph A. Holmes Safety Association. National Safety Competition records show that 
40 Sentinels of Safety trophies were awarded to Lake Superior district mines from 
1925 to 1954 -- 20 to open-pit iron-ore mines and 20 to underground iron-ore mines. 


Accident experience!/ of the open-pit mines and plants of the district and the 
experience at underground mines for the postwar period 1946-54 are tabulated in 
tables 1 and 2. Figure 1 shows graphically the accident-frequency rates and trend 
at underground mines for the postwar period, as compared with those of the district 
mines (including open-pit mines) and plants. Figure 2 compares graphically the 
severity rates and trend at the underground mines with those of all the district 
mines and plants. Figure 3 pictures the fatality rates and trend of the under- 
ground mines of the district compared with those of all the district mines and 
plants. 


Straight-line trends of accident rates, calculated by the method of least 
squares, show an improvement for all mines and plants in the district as follows: 
44.8 percent in accident-frequency rates, 39.4 percent in accident-severity rates, 
and 40.9 percent in fatality rates over the 9 years. The straight-line trends for 
the underground mines show an improvement of 37.8 percent in accident-frequency 
rates, 28.5 percent in accident-severity rates, and 29.4 percent in fatality rates 
for the period. 


ANALYSIS OF 346 ACCIDENTS 


The outline used for accident-description reports by the accident exchange 
group is shown in figure 4. Not all of the information on the form was given in 
many of the reports analyzed. Several reports omitted the time lost or charged to 
the injury, and nearly half of the descriptions failed to mention the amount of 
experience the injured had on the job he was performing when hurt. A few failed 
to record the age of the injured or the date or time the accident occurred. The 
following tabulations were based on the information that was available in the 346 
underground-mine accident-description reports studied. 


Classification of Causes of Injuries 


Table 3 tabulates the causes of injuries. The actual or estimated time lost 
or charged to the accident was omitted in 17 of the 346 accident reports. The 
columns indicating the number injured and the total days lost or charged to 
injuries represent 329 accident reports in which the time lost was given, estimated, 
or specified. A number of accidents resulted in injuries to more than one person. 


7/ Lake Superior Mines Safety Council, Proc. Lake Superior Mines Safety Council, 
1947-55. 
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Underground or State Year 


Open-pit mine 
INTRODUCTION: 


Occupation of injured, age, injury received, date, time, what injured was doing. 
Marital status and number of dependents. 
Length of time employed by company, ALSO 

(a) total years employed in mines, if known 

(bd) total years experience at job on which injured 


NATURE AND EXTENT OF INJURY: 


Description of injury. 
Time lost - 
(a) temporary disability - actual or estimated calendar days 
(bo) Permanent partial or total disability - days charged from scale 


CAUSE OF INJURY: 


Describe immediate cause of injury - examples: (1) hit on hand by falling rock, 
(2) particle of steel pierced eye, (3) fell off truck, or (4) pinned against timber 
by derailed car, eEtC.cccccece 


CAUSE OF ACCIDENT: 


Unsafe acts oF practices - itemize briefly 
Unsafe conditions, equipment or tools 


PHYSICAL FACTORS INVOLVED: 


Describe briefly - tools or equipment being used, material being handled, 
operation being performed, physical conditions 


DESCRIPTION OF ACCIDENT: 


Exactly what injured was doing immediately prior to accident. 

What happened to cause the accident and injury 

What did injured or someone else do or not do to cause accident and injury. 
Was accident reported immediately and what medical attention was given. 


CONCLUSIONS : 


What safety violation was involved: unsafe acts or practices, conditions, or 
equipment, lack of use of personal protective equipment, etc.... 
What should have been done differently to avoid accident? 
Were conditions contributing to accident usual or unusual, i.e. 
(a) does same job always involve some degree of hazard, or 
(bd) were conditions at time of accident unusual, and if so, why? 


RECOMMENDATIONS ; 


List recommendations to prevent recurrence of similar accidents, if you think 
the recommendations will be valuable to some other person or company. 


Figure 4. - Accident description report form. 
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In calculating the figures for Average number of days lost per injury, the total 
days lost or charged was divided by the corresponding figure in the Number injured 
column. 


Falls of ground was the leading cause of injuries, followed closely by hoisting 
and haulage accidents. Together, they composed 35.6 percent of the 346 accidents, 
60 percent of the fatalities and permanent total disabilities, and 55.1 percent of 
the total time lost or charged to injuries. 


The third leading cause of injuries was falling, slipping, and stumbling, which 
composed 13.3 percent of the accidents, 10 percent of the fatalities, and 10.1 
percent of the time lost or charged to injuries. 


Injuries from explosives ranked highest in severity and were followed by those 
from electricity and from hoisting and haulage, respectively. 


Unsafe Practices and Unsafe Conditions 


Unsafe practices were construed to mean those acts or practices that could 
normally be controlled and that deviated from accepted safe practicas. Unsafe 
conditions were interpreted as hazardous conditions, created by man or nature, 
that the injured person or persons had no ordinary means of knowing or controlling. 


Five accidents, including one fatality, could not be classified under unsafe 
practices or unsafe conditions. 


Study of the remaining 341 accidents revealed that: (1) 253 accidents (74.2 
percent of the total) were caused solely by unsafe practices, resulting in 16 of 
the 29 fatalities and permanent total disabilities; (2) 32 accidents (9.4 percent 
of the total) were caused solely by unsafe conditions, resulting in 4 fatalities; 
and (3) 56 (16.4 percent of the total) were caused by a combination of unsafe 
practices and unsafe conditions, resulting in 9 fatalities or permanent total 
disabilities. 


Table 4 lists the unsafe practices contributing to the causes of 309 accidents, 
253 caused by unsafe practices and 56 caused by a combination of unsafe practices 
and unsafe conditions. In 60 percent of the cases 2 to 4 unsafe practices contrib- 
uted to the accident. There were 466 occasions of the unsafe practices listed in 
table 4 that contributed to the 309 accidents. In tabulating the number of 
fatalities in which the accident was the result of a combination of unsafe prac- 
tices the fatality was listed once opposite the primary unsafe practice causing the 


injury. 


Failure to follow instructions or established procedures was the most frequent 
unsafe practice (23.2 percent of the occasions listed) and resulted in 41.4 percent 
of the fatalities and permanent total disabilities. Unnecessary exposure to danger 
and failure to correct known hazards were next in frequency (30.4 percent of the 
total unsafe practices listed) and resulted in 27.5 percent of the fatalities and 
permanent total disabilities. 


Table 5 lists the unsafe conditions contributing to 88 accidents, 32 caused by 
unsafe conditions and 56 by a combination of unsafe practices and conditions. In 
6 instances 2 unsafe conditions contributed to the same accident. Altogether there 
were 94 occasions of the unsafe conditions listed in table 5. 
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Defective equipment and equipment failure was the most frequent unsafe 
condition; however, loose ground too extensive to detect was responsible for 17.2 
percent of the fatalities. 


Time of Occurrence 


The time of accident occurrence was reported in 287 of the 346 accident- 
description reports. The hour of occurrence is shown in figure 5, with the shift 
changes indicated. Approximately 50 percent of the accidents occurred on the day 
shift, when the mine crews were the largest. 


Figure 5 shows that accident frequency reached a peak during the second hour of 
the day and afternoon shifts. Accident frequency was high 2 to 3 hours before the 
end of these shifts also. Normally, these hours are the most productive periods for 
the miners. Approximately 53 percent of the accidents on the day and afternoon 
shifts occurred during these hours. Fifty-one accidents were recorded on the mid- 
night shift, 33, or approximately 65 percent, occurred from 1 to 5 a.m. 


Tne chart also indicates fewer accidents during the hours when shifts are 
changing and at lunch times. A total of 104 accidents (36.2 percent of the total in 
which time was reported) occurred from 9 to 10 a.m., 1 to 3 p.m., and 5 to 6 p.m. 
Only 15 accidents (5.2 percent) occurred between 5 to 7 a.m. and 11 p.m. to 1 a.n. 


Ages of Injured, by Job Classification 


Table 6 lists the injured, by job classification, and the average age for each 
group. The table lists only those injuries for which the age of the employee was 
reported. 


TABLE 6. - Average age of injured, by job classification 


Number Percent of Average age 
Job classification injuredl/ total injured of injured 


MING TG s6:00kdeawesiosseseee 40.5 
Haulagemenscscccsccscceces 45.3 
REpaAlrmeneceeccccccvcccees 50.7 
Landers, cage and skip 

tenders, station 

attendants. ccccccesess Lh. 
Mechanics and pipemen..... 41.3 
SUPETVISOLS.sscccccccvcecs WAS 
Others: Electricians, 

carpenters, pumpmen, 

painters, CtCercecececs 46.6 


1/ Number of injured for which age was reported. 
Total Experience of Injured in Mines 


Table 7 lists the total experience of the injured, by job classification, and 
covers 227 injuries for which the experience was reported. It is significant that 
53.4 percent of the injured had more than 10 years' experience in underground mines. 


Approximately 20 percent of the injured has less than 2 years' experience in the 
mines. 


Google 


13 


3| 


30 


25 


20 


20 


17 


17 


IS 


IS 


IS 


10 


10 


Day Shift Afternoon Shift 


(142 Accidents) 


Midnight Shift 


(94 Accidents) 
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Figure 5. - Accident occurrence by time of day, 287 accidents. 
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Experience of Injured On the Job 


On-the-job experience is classified in table 8. Approximately 40 percent of 
the injured had less than 2 years' experience on the job they were performing when 
injured, which might indicate the need for more thorough training for employees 
assigned new jobs. This, plus the relatively small number of injured with less than 
2 years' total experience in mines, might indicate that supervisors are placing too 
much emphasis on total experience in mines in lieu of adequate job training. 
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